Biken strain, a nonproductive measles viruslike agent isolated from a subacute sclerosing panencephalitis (SSPE) patient, contains a posttranscriptional defect affecting matrix (M) protein. A putative M protein was translated in vitro with RNA from Biken strain-infected cells. A similar protein was detected in vivo by an antiserum against a peptide synthesized from the cloned M gene of Edmonston strain measles virus. By using a novel method, full-length cDNAs of the Biken M gene were selectively cloned. The cloned Biken M gene contained an open reading frame which encoded 8 extra carboxy-terminal amino acid residues and 20 amino acid substitutions predicted to affect both the hydrophobicity and secondary structure of the gene product. The cloned gene was expressed in vitro and in vivo into a 37,500 Mr protein electrophoretically and antigenically distinct from the M protein of Edmonston strain but identical to the M protein in Biken strain-infected cells. Chimeric M proteins synthesized in vitro and in vivo showed that the mutations in the carboxy-proximal region altered the local antigenicity and those in the amino region affected the overall protein conformation. The protein expressed from the Biken M gene was unstable in vivo. Instability was attributed to multiple mutations in both the amino and carboxy regions. A surprising number of mutations in both the coding and noncoding regions of the Biken M gene were identical to those in an independently isolated SSPE virus strain with a similar defect. These results offer insights into the basis of the defect in Biken strain and pose intriguing questions about the evolutionary origins of SSPE viruses in general.
Measles virus typically causes acute and highly contagious infections in children and young adults. On rare occasions, a few individuals might develop a chronic infection in the central nerous system (CNS) years after exposure in a condition known as subacute sclerosing panencephalitis (SSPE) (41) . Unlike acute measles virus infections, SSPE is always fatal but noncontagious. Typically, measles virusrelated antigens and RNA can be detected in the CNS of SSPE patients, but infectious virus can rarely be isolated. Successful isolation has occasionally been accomplished by cocultivating the infected CNS materials with permissive primate cells. The virus thus isolated may continue to replicate in a cell-associated manner and produce no extracellular virions, or it may become productive after in vitro passages (45) . However, only the nonproductive strains retain neurovirulence in experimental animals (33, 42) . Therefore, the basis of nonproductive infection, a hallmark of SSPE, is of great interest.
Studies have linked nonproductive infections by SSPE strains to abnormal expression of several viral proteins. The most common defects affect the matrix (M) protein, which forms the intermediary layer between the ribonucleoprotein core and the outer lipid envelope of the virion (12, 24) . Serum samples from SSPE patients frequently lack antibody activities against M protein despite having high activities against other measles virus proteins, and brain materials from SSPE patients often contain no detectable M protein (1, 11, 17, 18, 46) . Biochemical analyses have revealed possible defects affecting transcription, translation, or stability of the M protein in different cases (2, 7, 10, 40) . More recent studies indicate that in some cases of SSPE, both M protein and antibodies specific for M protein can be detected (2, 14, SSPE VIRUS BIKEN STRAIN STRUCTURAL DEFECT and carboxy regions. The mutations in the Biken M gene were surprisingly similar to those in an independently isolated SSPE virus strain with a similar defect. These results shed light on the possible mechanism of the defect in the Biken M protein and pose interesting questions about the origins of SSPE virus strains.
MATERIALS AND METHODS
Cells and viruses. Biken strain isolated in Japan by cocultivating infected brain materials from an SSPE patient with HEL cells (43) was a kind gift from S. Ueda, Osaka University, Osaka, Japan. The chronically infected Biken-HEL cells produced no extracellular virions and were propagated by occasionally being replenished with fresh HEL cells in Eagle minimal essential medium supplemented with 10% fetal calf serum. Edmonstron strain measles virus was propagated in Vero cells or African green monkey kidney (CV-1) cells in the same medium. Simian virus SV40-transformed CV-1 (COS) cells have been described previously (15) .
Antisera. The GM antiserum against total measles virus proteins was also a kind gift from S. Ueda and was originally prepared by immunizing a female African green monkey with CV-1 cells infected with Nagahata strain measles virus (44) . The GM serum recognized all the structural proteins of both Nagahata and Edmonston strain measles virus.
Mouse monoclonal antibodies were prepared against affinity column-purified Nagahata strain measles virus antigens by using a previously described procedure (21) . Hybrid cell lines producing measles virus-specific antibodies were identified by an indirect immunofluorescence assay, and the antibody specificities were determined by radioimmune precipitation. Specific antibodies were harvested either from the cell culture fluid or from ascites fluid from syngeneic animals which received the hybridoma cells.
Region-specific polyclonal antisera were prepared against peptides expressed from cloned DNA in bacteria. To generate the M-BC antiserum against the entire Edmonston M protein, we inserted the BglII-ClaI fragment from cDNA clone pcD-M2i (48) into a procaryotic expression vector containing an inducible trpE promoter (36) (see Fig. 6 ). The hybrid protein containing trpE and M sequences produced in E. coli HB101 was purified by sodium dodecyl sulfate-10% polyacrylamide gel electrophoresis (SDS-PAGE) and injected subcutaneously into a female New Zealand White rabbit in two 200-to 300-,ug doses administered 2 weeks apart. Sera collected at 1-week intervals after the second injection were tested by radioimmune precipitation. The M-BE and M-EE antisera against the amino and carboxy regions of the Edmonston M protein were prepared by the same method with DNA fragments spanning the BglIH and the 5'-proximal EcoRI sites or the two EcoRI sites in pcD-M2i, respectively (48) (see Fig. 6 ). Similarly, the N-EE antiserum was prepared against a peptide encoded by the sequence between two EcoRI sites in the N gene of Edmonston strain (S. Castaneda and T. Wong, submitted for publication).
Protein and RNA analyses. Cellular proteins were labeled, immunoprecipitated, and analyzed by SDS-PAGE as previously described (48) (38) , with overlapping deletion clones generated by digestion with either ExolIl nuclease (19) or specific restriction endonucleases.
Hydropathy and secondary protein structure were deduced from sequence information by using criteria described by Kyte and Doolittle (26) (34) by using a BamHI linker (see Fig. 9 ). In vivo expression of cloned genes. Cultures containing 1.5 x 106 COS cells (15) were transfected with 20 ,ug of cloned DNA as previously described (48) . Cellular proteins were labeled for 6 h with 25 to 30 ,uCi of [35S]methionine (3,000 Ci/mmol; Du Pont; NEN Research Products) at 45 h posttransfection and analyzed as described above.
In vitro expression of cloned genes. After the plasmids were linearized at the Hindlll site downstream of the cDNA inserts, RNA was transcribed in vitro by T7 RNA polymerase from the cDNA clones which contained an integral T7 promoter (30) (Fig. 1 ). Equal amounts (1 ,ug) of RNA were translated in rabbit reticulocyte lysates (Promega Biotec) in the presence of [35S]methionine (25) . Equal amounts of proteins standardized by scintillation counts of trichloroacetic acid-precipitated radioactivity were immunoprecipitated with antisera and analyzed by SDS-PAGE.
RESULTS
Posttranscriptional defect affecting M protein of Biken strain. We first compared the overall gene expression of Biken strain with wild-type (Edmonston strain) measles virus at the protein and RNA levels. Edmonston straininfected CV-1 cells produced the N (nucleoprotein), P (phosphoprotein), M, F1 (cleavage product of F), and H measles virus proteins detectable by the appropriate monoclonal antisera ( Fig. 2A, lanes N [44] ) which recognized the H, P, N, F, and M proteins in Edmonston strain-infected cells ( Fig. 2A , lane GM) also failed to detect M protein in Biken-HEL cells (Fig. 2B, lane GM) . To rule out possible host cell differences, we also examined the viral proteins in SSPE VIRUS BIKEN STRAIN STRUCTURAL DEFECT Biken strain-infected CV-1 or Vero cells. Again, M protein was not detected by these antisera (data not shown).
The apparent absence of M protein in Biken-HEL cells was not due to a transcriptional defect, since the accumulated levels of monocistronic RNAs, multicistronic readthrough RNAs, and genome-length RNAs were comparable in both Biken-HEL and Edmonston strain-infected cells, as shown by Northern blot analysis with five measles virus gene-specific DNA probes, including M ( Fig. 2C and D, lanes N, P, M, F, and H). Although we did not test for expression from the L gene, which encodes the presumed RNA polymerase (4), active transcription from the other viral genes implied a functional polymerase activity. Thus, the apparent defect in M protein of Biken strain occurs at a posttranscriptional level.
Translation of an M-related protein from Biken-HEL RNA in vitro. The failure to detect M protein despite high levels of M-specific RNA in Biken-HEL cells could be due to a translational defect. Alternatively, it was equally possible that the Biken M protein assumed an antigenically altered conformation which was not recognized by the antisera. To distinguish between these two possibilities, polyadenylated RNA was prepared from Biken-HEL and Edmonston straininfected CV-1 cells and translated in vitro in rabbit reticulocyte lysates. To maximize the chance of detecting a possible M protein, a peptide containing nearly the entire M protein of Edmonston strain was overproduced in bacteria from cloned DNA spanning the BglII to ClaI sites of the Edmonston M gene and used to generate a polyclonal antiserum called M-BC (see Fig. 6 and Materials and Methods). Another antiserum similarly prepared against the N protein of Edmonston strain served as a control (N-EE serum).
Three major proteins were immunoprecipitated by the GM antiserum from the translational products of RNA from Edmonston strain-infected cells (Fig. 3A, lanes a and b) . Two of these proteins were identified as the M and N proteins by the M-BC and N-EE antisera, respectively ( (Fig. 3C , lanes a, b, g, and h). Since this protein was not recognized by the GM antiserum (Fig. 3C , lane e), it might represent an antigenically altered M protein. The apparent low level of this protein could be due to inefficient recognition by the antiserum. Alternatively, additional defects might affect the expression or stability of the protein. Furthermore, it remained possible that the 37,500 Mr protein was a crossreacting cellular product induced by Biken virus infection.
Selective cloning of the Biken M gene by a novel approach. To allow definitive identification and detailed analysis of the putative Biken M protein, we developed a simple general method to obtain full-length cDNAs from specific genes. This method involved the use of an oligo(dT)-tailed vector to synthesize the first cDNA strand from poly(A)+ RNA from Biken-HEL cells. The second DNA strand was selectively primed by a synthetic oligonucleotide specific for the 5' terminus of the Edmonston M gene (Fig. 1 ) (see Materials and Methods). The vector and primer were designed to regenerate an XbaI recognition site only if the second strand was correctly primed on a full-length first-strand cDNA. These features simplied the production and identification of the desired full-length cDNA clones. All the M-specific clones initially identified by hybridization with a DNA probe prepared from the Edmonston M gene were found to contain full-length cDNAs of the Biken M gene.
Structure of the Biken M gene. The sequence of a fulllength clone (pTZ-BM1) showed that the Biken M gene is previously determined from full-length cDNA clone pcDM2i (48 (3) . However, a T-to-C transition at position 1038 abolishes the normal translational termination codon and lengthens the protein-coding region by 8 triplet codons (Fig. 4) . Translation is predicted to terminate at position 1062, where another C-to-T transition has generated a TGA codon (Fig. 4) (Fig. 4) . Thus, the overall sequences differ by about 4.4%, and the 3' untranslated regions are more diverged, differing by about 6.1%. Some mutations are not found in all the Biken M cDNA clones analyzed and probably represent genetic variation characteristic of SSPE virus strains (see below). A surprising number of mutations are shared with another SSPE virus strain recently analyzed (Fig. 4, arrowhead) (10) . The significance of this is discussed below (see Discussion).
Predicted changes in the Biken M protein. On the basis of parameters described by Chou and Fasman (13) , the amino half of the Edmonston M protein encoded between the BglII and the 5'-proximal EcoRI sites is predicted to contain several beta-sheet structures (Fig. 5, parallel bars) (26) , resulting in a noticeable shift toward hydrophilicity in the hydropathy profile of this region. For instance, the inverted hydrophilic peak between Pro-42 and Leu-50 is exaggerated, and the hydrophobic peaks around Ser-54, Pro-76, and especially Asn-142 and Thr-147 are all compromised (Fig. 5) . Leu-17, the only substitution in the amino region with increased hydropathy, occurs only in two of four full-length cDNA clones analyzed and might simply reflect genetic variation common in SSPE virus strains (10) .
In addition to their effect on hydrophobicity, the substitutions by Pro-42 and Pro-76 near two potential beta turns are predicted to extend the regions involved in the turns as a result of the turn-promoting character of proline (Fig. 5,  crosses) (37) . Furthermore, the Lys-89-to-Glu-89 substitution might extend a potential alpha helix as a result of the helix-forming potential of glutamic acid (Fig. 5, overlapping  circles) . These amino-proximal mutations might alter the secondary protein structure and, with the reduced hydrophobicity described above, could drastically affect the folding and tertiary structure of the protein.
By contrast, most of the substitutions in the carboxy region encoded between the two EcoRI sites do not markedly affect the hydrophobicity of the protein. Perhaps the most nonconservative mutations in that region are Ala-192 and Ala-209, which might affect a potential beta-sheet structure and a potential alpha helix, respectively ( (Fig. 3) . Since mRNAs of some SSPE virus strains have been found to be heterogeneous (10) , it was important to ascertain whether the cloned gene in fact encoded the Biken M protein. RNA was transcribed in vitro from pTZ-BM1 and pTZ-EM1 containing the M genes of Biken and Edmonston strains, respectively (see Materials and Methods), and the proteins translated from these RNAs in rabbit reticulocyte lysates were analyzed by SDS-PAGE.
The cloned M genes of Edmonston and Biken strains both produced a single protein in vitro (Fig. 6A, lanes a and h) .
The Biken M gene product indeed migrated slightly faster than the Edmonston M gene product. Furthermore, the Edmonston M gene product was immunoprecipitated by the GM, M-BC, and monoclonal Cl.99 antisera (Fig. 6A, lanes b , c, and f, respectively), but the Biken M gene product was recognized only by the M-BC antiserum but not by the GM and Cl.99 antisera (Fig. 6A , lanes j, i, and m, respectively), just as observed in Biken-HEL cells. As expected, neither product was recognized by the anti-N serum (Fig. 6A , lanes g and n, respectively).
To test whether the Biken M gene also produced the same protein in vivo, the cloned gene was placed under the control of the early promoter of SV40 (pcD-BM1) and transfected into SV40-transformed CV-1 (COS) cells (15) . Expression was compared with that of an equivalent plasmid containing the Edmonston M gene (pcD-PM-M). Cells transfected with the Edmonston M gene produced a 38,000 Mr protein immunoprecipitated by the GM, M-BC, and Cl.99 antisera (Fig. 6B, lanes a, b, and e, respectively) . In contrast, cells transfected with the Biken M gene expressed a low but detectable level of 37,500 Mr protein, which was recognized only by the M-BC antiserum (Fig. 6B, lanes f, g, and j) .
These experiments positively identify both the cloned Biken M gene and the 37,500 Mr M protein in Biken-HEL cells and show that the antigenic alterations in the Biken M protein are virus encoded.
To localize the antigenic alterations, we used two additional antisera, M-BE and M-EE, directed against the amino and carboxy halves of the Edmonston M protein, respectively (see Materials and Methods). Both of these antisera immunoprecipitated the Edmonston M protein synthesized in vitro (Fig. 6A, lanes d and e) and in vivo (Fig. 6B, lanes c  and d) . However, neither antiserum recognized the Biken M protein synthesized in vitro (Fig. 6A, lanes k and 1) or in vivo (Fig. 6B, lanes h and i) . Therefore, both the amino and sequence shows the mRNA strand with the first adenine residue corresponding to the 5 (26) . Potential beta-sheet structures (11111), alpha helices (COMM), and beta turns ( ) were deduced by using parameters described by Chou and Fasman (13) . Locations (Fig. 7, lanes a to d) . In contrast, the Biken M protein had a half-life of less than 30 min (Fig. 7, lanes e to h) (Fig. 8) . Clone pTZ-EMW/Ba contained the 5'-proximal substitutions predicted to markedly affect both hydrophobicity and secondary structure of the protein (Fig. 5 legend) . Clone pTZ-EMW/Bb contained the less disruptive 3'-proximal substitutions (Fig. 8) . Clone pTZ-EMW/Bc encoded a protein with the extra carboxy-terminal residues. Clones pTZ-BMW/Ea, pTZ-BMW/Eb, and pTZ-BMW/Ec were designed to test the combined effects of more than one of these mutated regions (Fig. 8) . RNAs transcribed from these chimeric genes were translated in vitro, and identical amounts of the radioactively labeled proteins were tested with the different antisera (see Materials ) between the BgIIl and ClaI sites in pcD-M2i. Amino-and carboxy-specific polyclonal antisera M-BE and M-EE were directed against peptides encoded between the BglII and EcoRl sites, or between the two EcoRI sites, respectively (see Materials and Methods). and g; migration from left to right). Unexpectedly, the added carboxy-terminal residues increased the mobility (Fig. 8 , column T, rows d and e). Chimeric proteins which contained both the amino-and carboxy-terminal mutations, including the Biken M protein itself, migrated with an intermediate mobility slightly higher than that of the Edmonston M protein (Fig. 8, column T, rows f and h) . Only the mutations in the carboxy-proximal region (excluding the terminus) did not affect mobility (Fig. 8, column T, rows a and c) . These results suggest that both the amino-and carboxy-terminal mutations affect the mobility of the Biken M protein, possibly by altering the protein conformation.
Definitive evidence was provided by immunoprecipitating equal amounts of these in vitro-synthesized proteins. The Edmonston M protein from the parental clone was recognized by all the antisera (Fig. 8, row a, columns GM, BC, BE, EE, and 99). Replacing the carboxy half of the M protein with Biken sequence resulted in a chimeric protein undetectable by the carboxy-specific M-EE antiserum but still detectable by the amino-specific M-BE antiserum (Fig.  8 , row c, columns EE and BE, respectively). In contrast, replacing the amino half of the M protein with Biken sequence rendered the protein unrecognizable not only by the amino-specific M-BE antiserum but also by the M-EE antiserum (Fig; 8, row b , columns BE and EE, respectively). Since all the chimeric proteins are recognized by the M-BC antiserum (Fig. 8, column BC) , the mutations affected the antigenicity and not the protein synthesis. Thus, the carboxy-proximal mutations, excluding the extra carboxy-terminal residues, affected mainly the local antigenicity, and those in the amino half affected antigenicity both locally and in a distal region. Furthermore, a chimeric protein with the extra carboxy-terminal residues was also inefficiently recognized by the M-EE antiserum (Fig. 8, row d, column EE) . These results provide strong evidence that the amino-and carboxy-terminal mutations alter the overall protein conformation, as predicted from the nature of the amino acid substitutions (Fig. 5 legend) .
Instability of the Biken M protein in vivo is attributed to multiple mutations in both the amino and carboxy regions. To further investigate the effects of the Biken mutations in vivo, the entire series of chimeric M genes were placed under the control of the SV40 early promoter and transfected into COS cells (see Materials and Methods). Northern blot analysis showed that all the transfectants produced equivalent amounts of M-specific RNA (data not shown). Proteins expressed from the chimeric genes in parallel cultures were analyzed by immunoprecipitation and SDS-PAGE. Each (Fig. 9, row a) . The control for total cellular proteins was provided by actin, which was nonspecifically precipitated by the GM antiserum (Fig. 9 , column GM). The immunoreactivity of the chimeric proteins expressed in vivo essentially paralleled that in vitro. Thus, the Edmonston M protein expressed in vivo was also recognized by all the antisera (Fig. 9, row a) , and replacing the carboxyproximal region with Biken sequence caused the chimeric protein undetectable by the M-EE antiserum but still detectable by the M-BE and M-BC antisera, just as observed in vitro (Fig. 9 , row c, columns EE, BE, and BC, respectively). In addition, effects on protein stability not observed in vitro now became apparent. The M-BC antiserum which recognized the Biken M protein in vitro could hardly detect the same protein in vivo (Fig. 9, row h, column BC, arrowhead) . Moreover, replacing the amino region of the M protein with Biken sequence affected detection by all the antisera, including the M-BC antiserum (Fig. 9, row b) . Similarly, replacing both the carboxy-proximal and carboxy-terminal regions with Biken sequences also affected detection by the M-BC antiserum (Fig. 9 , row e), even though chimeric proteins containing either one of these mutated regions were detected (Fig. 9 , rows c and d, column BC).
These results show that instability of the Biken M protein is due to both the amino-proximal mutations as well as those in the carboxy-proximal and carboxy-terminal regions acting in concert.
DISCUSSION
The present study shows that Biken strain-infected cells produce a structurally altered M protein as a result of multiple mutations in the M gene. As demonstrated with the chimeric proteins synthesized from the cloned genes in vitro, the amino-and carboxy-terminal mutations markedly alter the overall protein conformation, while the carboxy-proximal mutations affect mainly the local antigenicity. Acting in concert, these mutations render the Biken M protein highly unstable in vivo. These results provide strong evidence that the defects in the Biken M protein are virus encoded and are not due to host cell factors. These observations explain the apparent pleomorphic nature of the defect in Biken strain. In retrospect, detection of the Biken M protein in some but not other studies could be due to a combination of the instability and altered immunoreactivity of the Biken M protein (23, 28, 39) .
Comparison between the M proteins of Biken and Edmonston strains provides significant insights into possible mechanisms of the defect in Biken strain. As pointed out by Bellini et al. (3) , the Edmonston M protein contains a number of closely spaced arginine and lysine clusters which are associated with hydrophilic regions likely to be exposed on the external surfaces of the protein (e.g., Arg-45-Lys-46, Arg-154-X-Arg-156, Arg-175-Arg-176, Arg-225-Arg-226-Lys-227-Lys-228, Lys-265-X-X-Lys-268, and Arg-293-X-X-X-Arg-297-X-Arg-299 [ Fig. 5, arrowheads] ). Interspersed among these charged residues are a number of hydrophobic regions, many of which associated with potential beta-sheet structures (e.g., Fig. 5 , parallel bars spanning amino acid residues 33 to 38, 51 to 57, 100 to 103, 156 to 163, 191 to 195, 218 to 220, 246 to 247, and 303 to 308). The charged arginine and lysine pairs, the hydrophobic betasheet structures, and the beta-turn-promoting proline and glycine residues are the most highly conserved features among the M proteins of paramyxoviruses (3) . Perhaps a specific M-protein conformation is required for proper interaction with other charged components during virus maturation. Although most of the arginine and lysine pairs are conserved in the Biken M protein, the hydrophobicity and secondary structure of the protein are altered. We hypothesize that these alterations affect the folding of the Biken M protein into a functional tertiary form. Indeed, such conformational changes are demonstrable both in vitro and in vivo in the chimeric proteins ( Fig. 8 and 9 ).
It is possible that some of the sequence alterations are unrelated to the nonproductive phenotype and simply reflect genetic variations or mutations acquired during in vitro passages of Edmonston and Biken strains. However, the Edmonston M gene differs by less than 0.5% from the M genes of other lytic strains of measles virus analyzed, including a recent street isolate (9), suggesting that the M genes of lytic strains do not diverge quickly even in vitro. Furthermore, Cattaneo et al. recently characterized an SSPE virus strain, IP-3, originally isolated in the United States, which also contains a posttranslational defect affecting the stability of M protein (6, 8, 40 Fig. 4, arrowheads] ). Eight of these shared mutations occur in the protein-coding region; five are silent, and three lead to amino acid substitutions. Remarkably, all three common amino acid substitutions occur at positions predicted to greatly alter the hydrophobicity or secondary structure of the Biken M protein (Glu-89, Asn-142, and Ala-209 [ Fig. 4 and 5 legends] ). In fact, Glu-89 and Ala-209 are found in multiple SSPE virus strains analyzed to date, including those cloned directly from brain tissues (9; M. Ayata, unpublished observation). Equally significant, 23% of the silent mutations in the Biken M gene (nt 77, 245, 278, and 290) and 27% of the silent mutations in the IP-3 M gene (8) occur at nucleotides encoding either lysine or arginine, even though these residues constitute only 13% of the total peptide. In fact, two of these silent mutations (nt 77 and 290, corresponding to Lys-15 and Lys-86, respectively) are shared between the Biken and IP-3 M genes (Fig. 4) . The similarity between the mutations in the M proteins of these two SSPE virus strains supports the postulated significance of the affected residues and points to a parallel underlining mechanism for the defects in these viruses.
Even more surprising, 14 mutations representing 56 and 61% of the mutations in the 3' untranslated regions of the Biken and IP-3 M genes, respectively, are exactly identical (Fig. 4, arrowheads) . Considering the high degree of genetic variation in negative-strand RNA viruses in general (20) and in SSPE virus strains in particular (10), the similarity between the mutations affecting the M genes of two SSPE virus strains isolated in separate continents is highly significant. It not only implies that both the protein-coding and the 3' untranslated regions of the M gene are functionally important, but also suggests several intriguing possibilities regarding the evolution of SSPE virus strains.
First, Biken and IP-3 strains could have evolved from a preexisting neurotropic strain of measles virus distinct from all the lytic strains so far analyzed. Sequence comparison of other genes besides M between Biken and IP-3 strains might shed light on this possibility. Alternatively, generation of at least some SSPE virus strains might not be a totally random degenerative process as currently viewed. Instead, certain combinations of mutations might actually predispose the virus for chronic CNS infections and are positively selected for. Such a hypothesis could explain the rarity of SSPE more easily than one invoking a simple loss of viral function. It may be noteworthy that two of the three amino acid substitutions shared between the Biken and IP-3 M proteins (Glu-89 and Asn-142) are also found in the M protein of canine distemper virus (3) , a particularly neurotropic relative of measles virus. Third, the conservation between the Biken and IP-3 M genes could also be explained by invoking a second selectable function unrelated to virus maturation in either the M protein or the primary nucleotide sequence. In the rhabdovirus vesicular stomatitis virus, the M protein apparently acts as a suppressor for viral RNA transcription besides serving a maturation function (35) . Whether the measles virus M protein serves a similar function is not known.
While a causal relationship between abnormality in M protein and SSPE remains to be established, the defect in the Biken M protein appears to be tightly associated with the nonproductive phenotype. We have recently isolated a panel of clonal cell lines from Biken strain-infected CV-1 cells (a kind gift from S. Ueda). Some of those cell lines began to produce low levels of extracellular virions. Concomitantly, the M protein in the productive clones became detectable by antisera previously unable to detect the Biken M protein (A. Hirano, unpublished results). A similar phenomenon has also been observed in two phenotypic revertants of the IP-3 strain (8). These observations mirror those in previous reports that chronic CNS infection by measles virus in hamsters was accompanied by disappearance of detectable M protein (22) and that progression of SSPE in a patient correlated with a drastic reduction in the M protein level (16) . The present results do not exclude the possibility that additional or alternative changes in other viral components could also contribute to chronic infections in some SSPE cases (2, 27) . However, the accumulated evidence strongly indicates a role for the M protein in at least some cases, as originally proposed by Hall and Choppin (11, 17) .
